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CHAPTER I 
INTRODUCTION 
During the past few years metabolic pathways have been elucidated 
to the extent that at least a general route of synthesis and degrada-
tion ia known for most of the well-known ©hemicals found in an animal's 
bodyo However, moat of this work has been done with mammalian and bac-
terial species with little attention having been given to other animals, 
especially invertebrateso So great has been the desire to work o~t 
ngeneralized" pathways, that the sometimes subtle, sometimes large dif-
ferences in species have been overlooked in order to establish a firm, 
broad basis for understanding metabolic pathways. 2hese differences 
are now being brought to the fore by studies dealing with helm.intha and 
more specifically, the parasitie helminth8o Within the last decade a 
great deal of work has appeared in the literature concerning the car-
bohydrate metabolism of parasitic worms. For ex.ample, tne blood fluke, 
Schistosoma mansoni (for review see Timms (102)), has been found to 
utilize the Embden-Meyerhof scheme for the anaerobic fermentation of 
glucose (74, 19, 2l)o The end-product of this fermentation was shown 
to be lactic acido From an omtward appearance the enzyme system seems 
to be the same as that found in vertebrates, but upon closer inspection., 
differences were found in homologous enzymes, which are enzymes that 
catalyze the same reaction but are found in. different species (102). 
1 
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The homologous enzymes could be distinguished by: (a) immunological pro-
cedures, (b) pH optima, {e) S11bstrate affinity, (d) sensitivity to in-
hibitors (22, 23). Some of these enzymes even appeared to have different 
active 8ites (102)0 
More profound differences in metabolism a.re found in the case of 
Fasciola hepatica, the liver fluk.@ of sheepo The ma.in fermentation pro-
duct from glucose in this animal is net lactic acid, but the volatile 
fa.tty acids propionie and aeetk (;7) o In addition to ,this diverse pat-
tern, it was found that the prgduction of cyclic 3, 5=adeBosine mono= 
phosphate (which stimulates the production of phosphorylase enzyme) was 
stimulated by 5-hydroxytryptamine (5-HT, serotonin) while in the mam-
malian system the synthesis was increased by the action of epinephrine 
(78). 
Although volatile fatty acids are found as fermentation products 
of bacteria (97-100), their production as end-products of glycolysis in 
the animal kingdom wasn't thought to be widespread. 
The parasitic nematode, As~aris lumbricoides, produces, as a result 
of fermentation, a large number of volatile fatty acids the most im-
portant being: acetic, propionie, butyric, valeric,0(-methyl butyric, 
o<-methyl valeric, and~=methyl crotonic (tiglie) acids, (17, 18, 29, 94)o 
Most of the parasitic helminths are destined to live a large pa.rt 
of their lives in an essentially anaerobic enviromnent. Therefore, most, 
if not all, of their available energy must come from anaerobic fermenta-
tions. This is not a very efficient type of metabolism and a great deal 
of energy is lost by the excretion of fatty acids. However, they seem 
to be well equipped to carry out this type of metabolism. Mansour (77) 
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reports that Fasciola hepatiea utilizes glucose from the external medium 
at a rate of 110-180 pmoles/g.wet ~t./6 hours. Mansour and Bueding (74) 
state "this process (glycolysis) is more critical for survival of the 
parasite than is respiration." Most parasites do, however, utilize oxy-
gen when it is present and none seem to be obligatory anaerobes (16). 
Each species has different requirements for oxygen and as pointed out by 
Bueding (16), each species must be studied individually before any general 
statement on oxygen utilization can be made. 
The presence and utility of a tricarboxylic acid cycle in these 
worms is nebulous. Read (88) reported that some parasitic helminths have 
enzymes which metabolize certain of the tricarboxylic acid cycle inter-
mediates, but he also points out that just because an enzyme seems to be 
present "does not indicate the extent to which the enzyme may partici-
pate in metabolism." Consequently, it cannot be generally stated at the 
present time how much, if any, of the tricarboxylic acid cycle is uti-
lized by these parasitic worms under aerobic conditions. It is known, 
however, that Ascaris does not utilize the TCA cycle because approxi-
mately half of the necessary enzymes do not seem to be present (88). 
In addition to this, Ascaris is not the possessor of a complete cyto-
chrome system, which in higher animals is considered necessary for the 
coupling of high energy phosphorylation.s to the transport of electrons 
derived from various biological oxidations (38). Phosphorylations do 
occur though via a NADH oxidase whose terminal electron acceptor is 
some type of flavin (22). 
The chief consideration of an animal living in an anaerobic en-
vironment is the subsequent oxidation of reduced cofactors formed 
during glycolysis. Ascaris accomplishes this feat in part by utilizing 
a portion of the TCA cycle in reverse. It has been found that Ascaris 
has a succinoxidase which oxidizes succinate to fumarate but the equi-
librium favors succinate formation (62). NADH together with fumarate~ 
which arises from a carboxylati.on reaction of carbon dioxide and pyru-
vate forming malate then forming fumarate 9 results in the formation of 
succinate 1 with the regeneration of NAD (91). Indeed, succinate has 
been found to accumulate in the perienteric fluid of Ascaris (20). 
However~ succinate is not excreted in appreciable quantities for this 
compound is thought to be decarboxylated to carbon dioxide and pro-
pionate (91). Another method found in which Ascaris oxidizes reduced 
cofactors is the production of branched chain volatile fatty acids. 
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The carboxyl carbon of acetate condenses with theo<=carbon of propionate 
thus forming methylacetoacetic acid. This compound is then reduced to 
0(-methylbutyric acid via NADH. NAD is then regenerated in this reaction. 
Little is known about the metabolism of lipids in parasitic hel-
minths. Von Brand (12) found no detectable change in the total body fat 
of Ascaris after 5 days starvation. Passey and Fairbairn (85)i who 
worked with developing Ascaris eggs which were approaching the infec-
tive stage~ found an increase in the synthesis of carbohydrate with a 
corresponding decrease in non-volatile fatty acids indicating a con-
version of lipid to carbohydrate with a corresponding decrease in non-
volatile fatty acids. This pointed to a conversion of lipid to car-
bohydrate. Jacobsen (60) noted a slight increase in total body fat 
of Ascaris starved for 6 days. He was also able to demonstrate an 
oxidation of fatty acids c2 through c6 with a questionable oxidation 
5 
of c16· 
Saz and Weil (92, 93) have 't11'l.covered a mechani5Jll of volatile fatty 
acid synthesis in Ascaris. The synthesis is brought about by way of a 
condensation of the carboxyl group of one fatty acid with theO(-carbon 
of a second fatty acid, and the subsequent reduction of this compound 
via NADH to form a branched chain volatile fatty acid. 
Other than the above mentioned papers, few works have appeared in. 
the literature regarding lipid synthesis or degradation in. Ascaris. 
According to Fairbairn (38), a female Ascaris excretes enough eggs in 
24 hours to a.mount to approximately 10% of her body weight. The lipid 
content of the eggs of the worm is 17.5% of the total fresh weight (38). 
Therefore, this animal has a tremendous ability either to synthesize or 
assimilate lipids. This raises the question of how the long chain non-
volatile fatty acids are synthesized. Is the system similar to that 
found in. mammalian tissues? Does it need the same cofactors and are 
the pathways similar or apart from the "generalized" scheme? Thia 
study was designed to answer, at least in part, these questioms. 
CHAPTER II 
LITERATURE REVIEW 
The study of the synthesie of fatty acids by cell-free preparations 
was begun in 1949 by Stadtman and Barker (97- 100) working with a water 
soluble extract of the bacterium, Clostridium kluyverio Their system 
could convert carbon-14 labeled acetate to butyrateo In 1952 Brady and 
Gurin (10), working with homogenatee of pigeon liver, were able to dem-
onstrate eynthesis of long-chain fatty acids from acetate o This synthesis 
was also made possible by utilization of the particle-free supernatant 
fraotiono Van Baalen and Gurin (104) found that with the use of activated 
charcoal , they could demonstrate various cofactor requirements for fatty 
acid synthesie. These were: NAD, ATP, Mg, and CoA. They also noted a 
marked stimulation of synthesis by t he addition of citrate. These 
authors also postulated that synthesis and degradation were the result 
of 2 distinct enzyme systems. However, their theory was not accepted 
at the time for the accepted theory of fatty acid synthesis was a simple 
reversal of beta-oxidation (105, 69). In the late 1950's an enzyme 
system was isolated from the soluble fraction of cells which wasn't 
associated with mitochondria (generally believed the location of beta-
oxidation enzymes) and that synthesized long chain fatty acids (47, 48, 
106, 107, 108)0 These workers found that the extract from the soluble 
fraction of the cell plus ATP, NADPH, CoA, Mn++, KHC03, biotin, and c14 
6 
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labeled acetate resulted in the synthesis of labeled palmitate. They 
postulated the following scheme for fatty acid synthesis: 
ATP 
CH CO CoA + CO biotin 
3 2 Mn++, ATP 
C~COCH(COOH)COCoA NADPH ) 
CH3CHOHCH(COOH)COCoA -HOH ) CH3CH=C(COOH)COCoA NADPH ) 
The butyryl CoA could then condense with another molecule of malonyl 
CoA t o f orm the corresponding beta-keto acid which is subsequently re-
duced, dehydrated, reduced, and finally decarboxylated to form caproyl 
CoA. However, Bressler and Wakil (14, 15) found in their preparation 
that palmitic acid was the reaction product of fatty acid synthesis and 
not palmityl CoA. They also found that certain intermediate acyl CoA 
deri vat i ves such as; beta-hydroxy butyryl CoA and acetoacetyl CoA, were 
less effective precursors in the synthesis of palmitate than was acetyl 
CoA. They concluded that the reacting molecules were not bound to CoA 
but instead were bound to the enzyme by a thio ester. Lynen and Tada 
(70) also postulated this type of binding, but they said that one of 
the reactants was bound to the enzyme and the other was attached to 
CoA. They were able to isolate an acetoacetyl-S-enzyme complex after 
they incubated acetyl CoA and malonyl CoA without NADPH. 
Len.narz ~ &• (65) and Goldman et &• (49) isolated an enzyme 
system from Escherichia coli which contained a heat-labile and a 
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heat-stable fractiono Both fractions were needed for synthesis of fatty 
acids. Lennarz and co-workers (65) hypothesized that the heat-stable 
fraction acted as a cofactor in the synthesis of fatty acids from acetyl 
CoA and ma.J..onyl CoAo Wakil ~ alo (112) have now extended the previous 
authors works on Eo coli, and have found that the heat-stable fraction 
was a protein which acted as a coenzyme iJ!I. that the acyl reactants were 
bound to an SH group of the protein and u~derwent all subsequent reac-
tioil.5 while they were still attached to this moiety. Wakil _!1 al. (112) 
have given this heat-:stable fraction the name "acyl carrier protein" 
(ACF) to designate its purposeo Wakil and his colleagues also isolated 
the heat-labile fraction of the fatty acid syll.thetase and have further 
separated it into 3 components, different mixtures of which will syn-
thesize different fatty acids (112) 0 During the reaction they isolated 
various polar compounds which turned out to be beta-hydroxy acids which 
were previously bound to the ACP and were intermediates in fatty acid 
synt~esis. From these data Wakil postulated the following theory of 
soluble fatty acid synthesis. 
(1) CH3COSCoA + HSACP c~3COSACP + CoASH 
(2) HOOCCH2COSCoA + HSACP ------... HOOCCH2COSACP + CoASH 
(3) CH3COSACP + HOOCCH2COSACP 
( 4) C~COCH2COSACP + NADPH + H+ -----
C~COCH2COSACP + co2 + HSACP 
CH3CHOHCH2COSACP + NADP 
) CH3CH=CHCOSACP + H20 (5) CH3CHOHCH2COSACP 
(6) CH3CH=CHCOSACP + NADPH + H+ CH3cH2CH2COSACP + NADP 
This synthesis, which is carried out within the soluble fraction of the 
cell, has been designated the ~.!!£!2. synthetic route. However, this 
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system primarily synthesizes saturated c16 and c18 acids, and leaves the 
synthesis of uneaturated and branched-chain fatty acids unaccounted for. 
In 1960, Wakil and his colleagues (109) were able to demonstrate syn-
thesis of long chain fatty acids from acetyl CoA in a preparation of mito-
chondria. Their system did not require bicarbonate which is an absolute 
requirement for synthel!Sis ll'l the non-mi.tochondrial or ~ ~ system. 
ATP was needed for synthesis but could be replaced by the addition of acyl 
CoA derivatives. This led Wakil to conclude that synthesis of fatty acids 
in the mitochondria occurs via an elongation of various acyl CoA deriva-
tives by the addition of c2 units as acetyl CoA. Then in 1962 and 1963, 
Harlan and Wakil (51, 52) found that mitochondria could synthesize fatty 
acids by three distinct pathways: 
(1) a pathway similar to the de novo synthesis in the non-
--
mitochondrial preparation. This system incorporated acetyl 
CoA primarily into stearic acid. 
(2) a pathway for elongation of acyl CoA's by the addition of 
acetyl CoA. 
(3) a pathway by which oleic acid (18:1) is produced by a mito-
chondrial system which is unlike the de~ system or elonga-
tion pathway. This oleic acid thus formed could be elongated 
and desaturated into c20 and c22 polyunsaturated acids. The 
mechanism of this synthesis is unknown. 
These studies indicate that the system of desaturation and the synthesis 
of unsaturated fatty acids reside primarily in the mitochondria and the 
production of saturated fatty acids is carried out primarily in the sol-
uble fraction of the cell (111). 
10 
Wakil (111) also found that most of the unsaturated fatty acids syn-
thesized by the mitochondria were incorporated into the phophoslipid frac-
tion of the mitochondria. This is in agreement with the work of McFarlane 
et al. (73) and Getz et~· (46) who found that mitochondrial phospho-
lipids of the rat liver contained large quantities (25%-40%) of c20 and 
c22 polyunsaturated acids. Wakil (111) postulated that this mitochon-
drial system was used primarily for the altering of dietary fatty acids 
or other unsaturated fatty acids manufactured within the cell. He also 
stated that nthe majority of these fatty acids serve structural or trans-
port functions and may have important roles in the function of the active 
membrane of mitochondria.'' 
The metabolism of branched-chain fatty acids have been studied al-
most exclusively in bacteria. Folgar and Robinson (86) hypothesized 
that mycolipenic acid (2,4,6-trimethyl tetracos-2-enoic acid) was 
synthesized by a reaction of 1 mole of stearic and 3 moles of pro-
pionic acid thusly: 
CH3(cH2)16coOH + yH3COOH + yH3COOH + yH3coo 
CH3 CH3 CH3 
CH3(cH2)17yHCH2yHCH:CCOOH 
CH3 CH3 CH3 
Karlsson (61) stated that the synthesis of tuberculostearic acid (10-
methyloctadecanoic acid), which is found as one of the lipid components 
of the tubercle bacillus, 0 may be derived from ole:j.c acid by methy-
lation at the double bond." In 1952, Hofmann et al. (56) found that 
---
the lipids of Lactobacillus arabinosus contained a fatty acid bearing 
a cyclopropane ring. This compound was named lactobacillic acid. 
Hofmann et al. (57) elucidated the structure of this acid and found it 
--
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to be cis-11,12-methyleneoctadecanoic acid. In 1962, Liu and Hofmann 
(66) postulated that the biosynthesis of this acid occurred by the ad-
dition of a methylene group across the double bond of cis-octaded-11-
enoic acid (cis-vaccenic acid). Later O'Leary (84), working with 
Aerobacter aerogenes and Zalkin and Law (115, 116) working with Serratia 
marcescens and Clostridium butyricum, found that the methylene group 
which was added to the carbon involved in the double bond was contributed 
by S-adenosylmethionine, the activated form of the methyl group carrier, 
methionine. Recently, Chung and Law (26) have partially purified this 
enzyme system and have found that the methylene group is added to the 
monounsaturated fatty acid while the fatty acid forms a component part 
of phosphatidylethanolamineo Gastambide-Odier and Lederer (45) in 1959 
worked out the synthesis of corynomycolic acid (c32 H64 o3 ) found in 
Corynebacterium diphtheriae. They found that the carboxyl carbon of 1 
molecule of palmitic acid ("probably as palmityl CoA") condensed with 
theo<-carbon of another molecule of palmitic acid to form a keto-acid 
which was then reduced to corynomycolic acid. 
From these works one can see that the possibilities of synthesis 
of branched-chain fatty acids are very numerous. They can be formed 
from various condensation reactions (45, 86, 92, 93), and by methyl-
ating reactions (61, 84). O'Leary states that methylation of double 
bonds by S-adenosylmethionine may be a mechaniem of branched-chain 
fatty acid synthesis. 
Theories of the synthesis of branched chain fatty acids in ani-
mals are lacking (except of course, the branched volatile fatty acids, 
92, 93). Perhaps the reason for this is that they have been previously 
12 
found iIL only minute qua.ntitieso However, siRce their emergence as 
significant components of the fatty acids of Ascaris lumbricoides, and 
with the appearance of the gas-liquid chromatograph, which makes their 
detection relatively simpl® 9 one can only hope that more impetus will 
be placed on these branched acidso 
LIPIDS OF ASCARIS 
The study of the lipids of the swine and human parasitic nematode, 
Ascaris lumbricoides, was begun in earn~st in 1912 with the work of Flury 
(42)o In. Ascaris he found volatile a:t1.d non-volatile fatty acids, glycerol, 
phospholipids, a.nd a compol.U'.l.d in the urusaponifiable fraction which he de-
sig:nated as asca.ryl alcoholo Working independently, Faure-Fremiet (39) 
also discovered ascaryl alcohol i~ the ovaries of the female equine nema-
tod.e, Parascaris equorumo Faure-Fremiet (39) suggested that asearyl al-
cohol exiated J:!.!!!!. as an ester, and also hypothesized that it was 
present only in the female reproductive system. Schultz and Becker in 
1933 (95) worked out the empirical formula for ascaryl alcohol and found 
Since that ·time, Fouquey et alo (43) have elucidated 
-,...--
the structure of ascaryl alcohol from Parascaris, and have found it to be 
not a true lipid, but a group of glycosides having lipid solubility char-
acteristi~so They found asearyl alcohol consisted of 3 asearosides which 
they named ascarosides A, B, and c. Asearoside A was said to consist of 
a straight~chain aliphatic molecule in glyeosidic linkage with a hexose 
which Fouquey called asca:rylose. Asearosides Band C were somewhat sim-
ilar in stru~ture to Ao Fouquey and workers also foun.d that in the un-
fertilized eggs the ascarosides were esterified with acetic and propionic 
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acids therefore confirming Faure-Fremiet•s suggestion. Von Brand and 
Winkeljohl!L (13) found ascaryl alcohol in male Ascaris muscle tissue, thus 
refuting the theory of Faure-Fremiet that ascaryl alcohol aceurred only 
in the female reproductive tract and eggs. The function of asearyl al-
cohols in somatic tissues ism 9t clear, however, asca.ryl alcohols play 
an important role in the r~produ@tive tissueso The vitelline membrane 
of the Ascaris egg has been foun.d to be semipermeable, in that it allows 
gases to pass into an.d out of the eggs, but retards the flow of watero 
Since the metabolism of the devel®ping egg has been shown to be aerobic, 
this passage of gas and retention of water is very important (34, 38). 
Fairbairn and Passey (34) also fotllld the vitell.ine membrane to be lipid 
in nature and ascaryl alcohol accounted for approximately 7<:1% of the total 
lipid. Thereforet it seems that the function of ascaryl alcohol is to 
provide a lipoid membrane which lends semipermeable properties to the egg. 
Flury (42) was the first to find phopholipids in Ascaris. Rogers 
and Lazarus (89) found choline, serine, etha1'.l.0lamine, and sphingomyelin 
in the perienterie fluid of Ascaris. These components of phospholipids 
were also found in the intestine and ovaries but very little sphim.go-
myelin appeared in the ovarieso Fairbairn (32, 35) foUltd that phos-
pholipida comprised about 803% 9 49% and 41% of the total lipid in the 
reproductive system, muscle, and integument (cuticle) respectivelyo 
Fairbairn (35) also found that phosphoacetals (plasmalogens) comprised 
about 3f1% of the total phospholipids in the muscle, but only trace amounts 
could be found in the iRtestine. 
Beames (4) ha.a studied the phospholipids and plasmalogens in the 
mu.sele, reproductive system, aRd integument extensively. He found 
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choli.De in the highest concentration in all tissues except cuticle 
where ethanol.amine was present in higher quantities. Serine was least 
abundant in all tissues. Beames (4) found 21. acetals of plasmalogens 
in Ascaris tiesuea. In cuticle, c18:l comprised 63% of the total lecithin 
plasmaloger1 fatty aldehydea wh.ile ClB:O was the primary aldehyde in the 
cephali.D plaamalogen. It was present as 41% of the total acetals. I:n 
the reproductive system ClB:l fatty aldehyde was predominate in. both the 
lecithin. (40%) 8.l'ld cephalin (62%) plaamalogens. 
Phospholipids comprise a large percentage of the lipid in muscle 
and cuticle in Ascaris. This is also true for muscle tissue in higher 
animals (,50). Phospholipids have many functions attributed to them. 
One of these is that phopholipids act as a static structural component 
of living cellse They have a slow turl!I.Over rate in. these muscle and 
cuticle (50) which would support th.is concept. Another theory pro-
posed by Hokin and Hokin. (58) is that ph.ospholipids, especially phos-
phatidic acid, play al'l important role in the active tru.sport of sodium 
and potassium ionso 
The function of phospholipids in Ascaris is unkn.own. although their 
concentrations in various tissue indicate that they form a part of the 
structural make-up of the worm. Unforti.mately, phospholipid turnover 
studies in this animal are lacking. 
Fairbairn (32) found both saturated a.n.d u:wsaturated sterols in. the 
reproductive system of Ascarise Collectively they accounted for 1.7% 
of the total unsaponifiable lipids. The sterols were present in a ratio 
of 3 Ul'lsaturated to 1 saturated. The saturated sterols were believed to 
consist of 3-beta hydroxysterols. In a later report, Fairbairn (35) 
15 
foUl'ld that sterols comprised 12 and 1'7% of the total unsaponifiable lipid 
in the integument and muscle of Ascaris respectively and Fairbairn and 
Jones (36) isolated and identified cholesterol from Ascaris tissue. Large 
amounts of other unsaturated ~terols were not found and it was concluded 
that cholesterol was the primary unsaturated sterol in. Ascaris. Cavier 
and Savel (24) have fou~d st~rols ia the hemolymph (0.015%) but their 
method was limited to the detection of unsaturated sterols, so the value 
for total sterols in the perienteric fluid may be somewhat higher. Again, 
the function of these lipid components is Rot kl'l.Own. However, the data 
from Fairbairn (32, ·35) show that the body wall (muscle and integument) 
sterols are present in greater concentration than those in the repro-
duetive system. These data could lead one to postulate that the sterols 
are mot unlike the pho~pholipids iI'i that they presumably are stuctural 
components of the living cell. More work needs to be done om this aspect 
of Ascaris lipids. 
Epps.!! al. (31) worked out a technique to free Ascaris from most 
of the bacteria associated with it, and from these animals identified 
c5 volatile fatty acids. Bueding and Yale (17) and Buedi:ag (18) identi-
fied the follow:i.D.g volatile fatty acids from bacteria-free (axemic) 
Ascaris: acetic, propionic, butyric,o<-methylbutyric,cx-methyl e:N>tonic 
(tiglic), and n-valeric acids. Ellison.!.!.!!• (29) utilized gas chromato-
graphy to identify nine volatile fatty acids from bacteria-free culture 
media in. which Ascaris were incubated. They found the following mole 
percentages: c2, 0.2'7%; c3, 0.77%; c4, l.14%; c5, 38.0%; c6, 56.2%; 
c7_8, 3.5%. Ellison and 00-workers (29) identified the u:eklil.own 6-carbon 
acid as iso-valeric acid. However, Saz and Gerzon (94) identified this 
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acid aso<-methyl valeric aeid. Ellison's paper was corrected in. 1963 by 
Whitlock and Stro:ag (114). The volatile fatty acids in the perienterio 
fluid were studied by Moyle and Baldwin (83). They identified moat of 
the above volatile fatty acids from this body fluid. However,cx-methyl-
crotonie acid was not detected in the hemolymph. All of these authors 
concluded that these volatil~ fatty acids were excretion products of the 
worm, but the mechaniem of their synthesis was u:riknown. In an series of 
recent papers, Saz et.!!• (91, 92, 93) described possible mechanism for 
the syn.thesis of many of these volatile aGida. These me~h.anisms have 
been discussed in detail in. Chapter I, pp. 4 and 5. 
The fact that Ascaris produces large quantities of volatile fatty 
acids is unequivocal. Whether they can be used as an emergy source in. 
the presence or absence of oxygen is another matter. Jacobsen (60) has 
reported dye reduction by c2 th.rough c6 volatile fatty acids in. a mito-
chondrial preparation from Ascaris muscle. The chief products of the 
reaction were acetate and propionate with trace amounts of formate. 
Passey and Fairbairn (85) demoBetrated a ~et conversion of triglyceride 
acids(;& volat:iJ.e, i non-volatile acids, (35)) to carbohydrate in Ascaris 
eggs undergoing embryo:aation. Since that time, it has been learned that 
the eeterified volatile fatty acids are attached to the ascaryl alcohol 
moiety and :e.ot to glycerol (Fairbairn, personal communication). There-
fore, the glueogenie carbon must have a.risen from the mon-volatile fatty 
acids. It should be :acted that this experiment was carried out on develop~ 
i.D.g eggs which possess an aerobic type of metabolism (37). Whether or 
not the adult parasite C8.1'.I. accomplish this feat is un.kn.own. 
Flury (42) reported the presence ia Ascaris of palmitic, stearie, 
and oleic acids. Beames (5) has studied the non-volatile fatty acids 
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in the neutral lipid fractions from Ascaris muscle, cuticle, and re-
productive tissueo He f~und 19 fatty acids with twelve or more carbons. 
Five of these amounted to 90% of the total non-volatile fatty acids. 
These were found in the muscle ti~su® in the following mole percentages: 
c18 :2&3 ' 33.7%; c18:l' 27.3%; c16:0' 12.8%; c18:o' 10.8%; and an unknoi,m. 
acid, 6.4%. Jacobsen (60) has tentatively identified this unknown acid 
a~.trieo~anoic acid (c23 :0). Beamea (5) foiULd very little variation 
iB. the percentage of each acid in the three tissues • .Although the re-
productive system accounts for two-thirds of the lipid present in Ascaris, 
the relative a.mounts of individual fatty acids in. all tissues remai.n.ed at 
rather constant valueso Jacobsen (60) tentatively identified 24 non-
volatile acids representin.g essentially every earbon number from c10 to 
c21 and also c23 • Of these 24 acids, 13 were braJ1Lched isomers, and 14 
w~re acids with odd-numbered carbons. Although the most predomi.D.an.t fatty 
acids in Ascaris are those which are common to most animals (55), the 
bramched and odd-numbered acids exist in quantities which are too large 
to overlook (4%, 60). Such acids have been identified in living systems 
such as: bacteria, wool fat, butter fat, mutton fat, am.d ox fat; however, 
these were present o:aly in trace amounts (80). 
What the animal gailul, in terms of energy and utility, from the 
synthesis or degradation of fatty acids is unknown. The work of Passey 
and Fairbairn (85) has already been mentioned il!!I. which they demomstrated 
a net conversion of long-chain fatty acids to carb0hydrates. They 
hypothesized that this comversioB occurred after the fatty acids were 
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degraded to acetyl CoAo They did not, however, demonstrate oxidation of 
the fatty acids to acetyl CoA. Jacobsen (60) could not show a signif-
icant amo'fiU':l.t of oxidation of palmitate with his mitochondrial preparation 
of Ascari~ muscle. More work Re®de t@ be done in this field before any 
definite statements can be made ~R the utilization of non-volatile fatty 
acids by Ascaris~ 
No work hae appeared on a possible mechanism of syRthesie of the 
non-volatile fatty acids i1'l Ascaris. As was mentioned previously, the 
worm has a tremendous ability eith~r to assimilate or synthesize lipids. 
Without this ability the pa:rasite ca.Ill'!ot possibly survive. One practical 
application of this phase of Ascaris' metabolism is readily seen. If 
the mechanism of fatty acid sym.thesis diff®rs somewhat from the accepted 
pathway, then the possibility of an. anthelminthic drag, based on blocking 
the fat metabolism of the parasite can be seen. 
CHAPTER III 
MATERIALS AND METHODS* 
Tissue Preparation: Adult female Ascaris lumbricoides var. suum 
(wt. 3-?g.) were obtained from Wilson and Company, Oklahoma City, Oklahoma 
and were transported to the laboratory in salt solution (60) maintained 
at 37°0. The worms were weighed and the muscle strips were dissected out 
by the method of Laser (64). In order to prepare minced muscle, the tissue 
was chilled in cold potassium phosphate buffer (0.05 M, pH 7.4), chopped 
with a Mickle Tissue Chopper, weighed, and incubated at 37°0 for 2 hours 
with sodium-1-c14-acetate (40 umoles 1.5 x 106 cpm). Cell-free frac-
tions were prepared as follows: the muscle tissue was weighed, washed in 
cold 0.05 M potassium phosphate buffer, pH 7.4, minced with scissors, and 
homogenized in potassium phosphate buffer (0.05 M, pH 7.4, 1:2 w/v) using 
a Potter-Elvejhem homogenizer with a motor-driven teflon pestle. Care 
was taken at all times to maintain the temperature of the homogenate 
below 5°C. The resulting homogenate was centrifuged (International 
Centrifuge Model HR-1) for 30 minutes at 2°0 at 12,000 x g to sediment 
cell debris, nuclei, and mitochondria. In most of the experiments this 
*ABBREVIATIONS: The following abbreviations are used: NAD and 
NADH, oxidized and reduced nicotinamide adenine dinucleotide; NADP and 
NADPH, oxidized and reduced nicotinamide adenine dinucleotide phosphate; 
CoA, coenzyme A; ATP, adenosine triphosphate; G-6-P, glucose-6-phosphate. 
19 
20 
fraction (s12) was used for incubation, but the supernatant (s100) re-
maining from centrifugation at 100,000 x g (Spinco Model L) for 40 
minutes was also used for several experiments. The s12 supernatant was 
used either unchanged for incubation, dialyzed in cellophane tubing 
against 30 volumes of 0.05 M potassium phosphate buffer, pH 7.3, for 6-8 
hours at 4°C to remove cofactors, or treated with Dowex I-x8 (200-
4oo mesh) to remove cofactors (101). When mitochondria were isolated 
this was done by the method of Kmetec et al. (63). Total protein in 
all fractions was determined by the method of Lowry~!:!· (68). 
Incubation: The cofactors and buffer (0.05 M phosphate pH 7.3) 
were added to the screw cap culture tubes in such a manner that the ad-
dition of the enzymes as a mince, mitochondria, or supernatant would re-
sult in a total volume of 2.5 or 3.0 ml. The reaction was started by 
the addition of the enzyme and the tubes were flushed with nitrogen for 
15-20 seconds before being capped. They were then incubated at 37°C 
for 1.5 to 2.0 hours in a water bath and shaken frequently to insure 
proper mixing. 
Extraction .2f Fatty Acids: At the end of the incubation period, 
the reaction was stopped by the addition of 2 ml 10% KOH in methanol. 
The mixture was saponified for l hour at 90°C. After saponification, 
1 ml of 5 N HCl was added to each tube to bring the pH to 1. Five ml 
of petroleum ether containing 0.75 mg of carrier fatty acid (usually 
palmitate) was added to each tube and the tubes were then shaken on a 
Vortex Jr. Mixer for 15-20 seconds. The organic and aqueous phases were 
separated by centrifugation and the organic phase was transferred to 
a 125 ml separatory funnel with a Pasteur pipette. This procedure was 
repeated twice in exactly the same mannero The organic solution con-
taining the fatty acids was washed 1 time with 2 volumes of water and 
decanted into a 15 ml graduated centrifuge tube. The petroleum ether 
was evaporated from each of the tubes in a water bath maintained at 
45°C under a stream of nitrogeno The fatty acids were dissolved in 1 
ml of chloroform and aliquots were taken for plating on aluminum plan-
chets and counting at infinite thinness in a Baird-Atomic Multiscaler 
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II, Model 132, equipped with a thin end-window G. M. tube. Experiments 
utilizing palmitate-l-c14 as the labeled fatty acid indicated that the 
use of this extraction procedure resulted in the recovery of 95% of 
the fatty acids. 
Reagents: The sodium-1-c14-acetate was obtained from Nuclear-
Chicago, Des Plaines~ Illinois; CoA, ATP, NAD, NADH, NADPH, and L-
cysteine hydrochloride from Sigma Chemical Co., St. Louis; Biotin and 
avidin from Nutritional Biochemicals, Cleveland, Ohio; the G-6-P was 
purchased in the form of the barium salt from Swartz Laboratories, Mt. 
Vernon, New York~ and was converted to the potassium salt by the ex-
change reaction with potassium sulfate. 
CHAPTER IV 
RESULTS 
Studies on the incorporation of labeled acetate into fatty acids 
were begun by using chopped strips of Ascaris muscle. The results of 
these studies are presented in Table I. Acetate incorporation into 
TABLE I 
INCORPORATION OF ACETATE INTO FATTY ACIDS 
BY CHOPPED ASCARIS MUSCLE 
The chopped muscle was incubated in 100 pmoles of potfijSium phosphate 
butfer (pH 7.4) together with 40 pmoles of sodium-1-C -acetate (1.5 x 
10 cpm) for 2 hours at 3z0 c. Total volume was 2o5 ml. 
Weight of Muscle (mg) 
Blank 
115 
118 
126 
152 
CPM 
600 
1638 
1908 
2224 
3200 
fatty acids was slow; however, incorporation was found to increase when 
the weight of chopped muscle increased. These results indicated that 
Ascaris muscle can incorporate acetate into long chain fatty acids. 
Subcellular Site.£!. Fatty Acid Synthesis: To determine the site(s) 
of fatty acid synthesis from acetate, centrifugal fractionation of muscle 
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homogenates was carried out. Fractions resulting from eentrigufation at 
12,000 x g (s12) and 100,000 x g (s100) and the sediment from 12,000 x g 
(mitochondria) were utilized as the protein source for determinations of 
fatty acid synthesis. The results of these determinations are seen in 
Table II. 
TABLE II 
FATTY ACIDS SYNTHESIS IN CELLULAR 
FRACTIONS OF ASCARIS MUSCLE 
Each tube cont~ined ~he following additions: Sodium-l-c14-acetate 
(40 µmoles, 1.5 x 10 cpm); ATP (10 p.moles); CoA (0.14 pmoles); NADPH 
(0.33 µmoles); NADH (0.33 µmoles); MgC12 (3.3 pmoles); MnC12 (3.3 pmoles); 
malonate (10 pmoles); KHCO (20 pmoles); biotin (24 pg); po~assium 
phosphate buffer (pH 7.4, ~O pmoles); mitochondria, s12 , or s100 contain-
ing 8-10 mg protein. Total volume 2.5 mlo The tubes were incuoated for 
2 hours at 37°C. 
System 
Mitochondria 
s12 Supernatant+ Microsomes 
5100 Supernatant 
Acetate converted to fatty 
acids 
mp.moles/mg protein 
Experiment 1 Experiment 
0.06 
0.15 
7.35 3.44 
7.89 3.21 
6.71 1.95 
7.49 1.67 
2 
In both experiments the 512 fraction catalyzed a greater synthesis of 
fatty acids than did the s100 fraction. These. data are in contrast with 
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the data of Dils and Popjak (27) who worked with lactating rat mammary 
gland and found that the presence of microsomes depressed fatty acid 
synthesis. It is in agreement with the work of Lorch~ al. (67) who 
found that low concentrations of microsomes stimulated fatty acids syn-
thesis in rat liver. The s12 fraction was used in all subsequent experi-
ments. The variance between experiments 1 and 2 can be explained only 
by the fact that the experiments were run on different days and repre-
sented worms collected on different days. Considerable variation (up 
to 100%) was experienced from one particular group of worms to the next. 
Cofactor Requirements: Cofactor requirements for the incorpora-
tion of acetate into fatty acids by the s12 fraction are presented in 
Table III. There is an absolute requirement for NADH and NADPH or a 
NADPH-generating system, (i.e., NADP plus G-6-P). Neither NADH nor 
NADPH could completely replace the other. These results agree with the 
work of Dils and Popjak (27) with lactating rat mammary glands. They 
disagree with Abraham et al. (2) who also worked with rat mammary glands 
but found that the addition of NADH did not increase fatty acid syn-
thesis appreciably. Dils and Popjak (27) concluded that the need for 
NADH in their system was not clear. NADP plus G-6-P did not completely 
replace NADPH in the tissue of Ascaris. Entner (30) has studied the pen-
tose phosphate pathway of Ascaris and has found that the activity of the 
enzymes are very low. It is quite possible that the NADPH generating 
\ 
system (glucose-6-phosphate dehydrogenase) in Ascaris does not function 
as well as it odes in higher forms. When manganous ions were omitted 
from the medium there was a significant decrease in the synthesis of 
fatty acids. ijowever, the absence of magnesium ions did not affect the 
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uptake of acetate to any great extent. Abraham ..!:l!!o (2) reported that 
they achieved maximum synthesis with a magnesium ion concentration of 70 
prnoles. No such stimulation was noted with Ascaris tissue in the current 
experiment. CoA was required by the s12 fraction to complete the syn-
thesis of fatty acids. 
TABLE III 
COFACTOR REQUIREMENTS 
Control tubes contai~ed the following additions: Sodium-1-c14-acetate 
(4o pmoles, 1.5 x 10 cpm); ATP (10 p:unoles); CoA (0.14 pmoles); cysteine 
(10 pmoles); NADH (0.33 pmoles); NADP (0.33 pmoles); G-6-P (3.3 pmoles); 
MnC12 (3.3 pmoles) ;. MgC12 (3.3 pmoles); malonate (10 pmoles); KHCO (20 pmoles); biotin (24 pg); potassium phosphate buffer (50 pmoles? pH 
7.4); s12 protein (10 mg) treated with Dowex I (200-400 mesh). Total 
volume 2.5 mlo Tubes were incubated at 37°C for 2 hours. 
Omissions 
NADH 
NADP, G-6-P 
NADP, G-6-P 
MnC12 
MgC12 
Co A 
Malonate 
KHCO 
Biotin 
Cysteine 
ATP 
None 
Additions 
NADPH 
Succinate 
Percent of Control 
Synthesis 
73.4 + 0.5* (3) 
70.4 + 1.8 (2)' 
110.0 (1) 
64.2 + 15.2 (2) 
100.1 + 1.6. (2) 
31.0 + 10.2 (2) 
61.9 + 4.7 (3) 
50.9 + 4.44 (3) 
100.1 - (1) 
103.1 (1) 
5.1 + o.6 (2) 
120.0 - (1) 
* Indicates standard deviation; ( ) indicates number of experiments. 
A loss of activity of 60% to 7C$J was experienced when CoA was omitted from 
the medium. Malonate and bicarbonate were required for incorporation of 
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acetate. In one experiment in which the supernatant (s12) was dialyzed 
for 6 hours, the omission of bicarbonate resulted in a 95% decrease in 
synthesis. The role of malonate is less clear than the role of bicarbonate; 
however, the rate of incorporation of acetate into fatty acids was de-
creased when s12 was treated with Dowex I ion exchange resin and malonate 
was omitted from the medium. A requirement for biotin could not be de-
monstrated by simply leaving it out of the system, but when avidin was 
used to precipitate endogenous biotin (Table IV), a requirement for it 
was demonstrated. ATP is an essential cofactor in the system reported 
here. Without it, fatty acids synthesis proceeds very slowly or not at 
all. The cofactor requirements reported above are very similar to those 
for pigeon liver (105, 107), for rat liver (1), and for lactating rat 
mammary gland (2, 27). 
The use of cysteine or glutathione as reducing groups to maintain 
CoA in a reduced form has been reported by many authors (1, 27, 41, 59). 
In Ascaris tissue, the presence of cysteine did not affect the rate of 
fatty acid synthesis. In fact, it caused a slight inhibition when it 
was present in the medium. 
Effect of Malonate 2E_ Fatty Acid Synthesis: Figures 1, 2, 3, and 
4 illustrate 4 experiments that were designed to determine the effect of 
malonate on the fatty acid synthesizing system in Ascaris muscle. In 
the experiments represented by Figures 1 and 2, the supernatant was 
dialyzed to remove cofactors. In Figures 3 and 4, the supernatant was 
treated with Dowex I to remove cofactors. In Figure 1, a slight stimula-
tion was noted in the rate of incorporation of acetate into fatty acids 
when 10 pmoles of malonate were added to the medium. However, there was 
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Figure 1. The Effect of Malonate on the Synthesis of Fatty1~cids. 
Sample tubes contain~d the following additions: Sodium-1-C -acetate 
(40 pmoles, 1.5 x 10 cpm); ATP (10 pmoles); CoA (0.14 pmoles); NADH 
(0.33 pmoles); NADPH (0.33 pmoles); MnC12 (3.3 pmoles); MgC12 (3.3 
F.J!IOles); KHC03 (20 pmoles); biotin (24 p.g); potassium phosphate buffer (50 pmoles, pH 7.4); s12 protein (10 mg) treated with dialysis for 6 
hours. Malonate added as indicated. Total volume was 2.5 ml. Tubes 
were incubated at 37°C for 1.5 hours. 
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Figure 2o The Effect of Malonate on Fatty Acid Synthesis. Samples con-
ta~ned the following additions: Sodium-1-c14-acetate (40 pmoles, 1.5 x 
10 cpm); ATP (10 µmoles); CoA (0.14 pmolesJ; NADH (0.33 pmoles); NADPH 
(0.33 pmoles); MnC12 (3.3 pmoles); MgC12 (3.3 pmoles); KHC03 (20 pmoles); 
biotin (~4. pg); potassium phosphate bufYer (50 pmoles, pH 7.4); s12 pro~ 
tein (10 mg) treated with dialysis for 6 hours. Malonate added as indi-
cated. Total volume was 2.5 ml. Tubes were incubated at 37°c for 1.5 
hours. 
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Figure 3. The Effect of Malonate on Fatty Acid Synt1ti-siso Sample 
tubes contained ~he following additions: Sodium-1-C -acetate (4o 
r,moles, 1.5 x 10 cpm); ATP (10 pmoles); CoA (Ool4 pmoles); NADH 
(0.33 pmoles); NADPH (Oo33 µmoles); MnC12 (3.3p.moles); MgC12 (3.3 
pmoles'); KHCO (20 µmoles); biotin (24 µg)'; potassium phosphate 
buffer (50 µm8les, pH 7.4); s12 protein (8-10 mg) treated with Dowex 
I (200-4oO mesh). Malonate aaaed as indicated. Total volume was 
2.5 ml. Tubes were incubated at 37°C for 1.5 hours. 
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Figure 4. The Effect of Malonate on Fatty Aci~4synthesis. Sample tubes 
containeg the following additions: Sodium-1-C -acetate (40 µmoles, 
1.5 x 10 cpm); ATP (10 µmoles); CoA (0.14 pmoles); NADH (0.33 µmoles); 
NADPH (0.33 pmoles); MnC12 (3.3 prnoles); MgC12 (3.3 p.moles); KHC03 (20 
prnoles); biotin (24 pg); potassium phosphate ouffer (50 prnoles, pR 7.4); 
S protein (8-10 mg) treated with Dowex I (200-400 mesh). Malonate 
aa&ed as indicated. Total volume was 2.5 ml. Tubes were incubated at 
37°0 for 1.5 hours. 
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as inhibition of synthesis above this level. This led to the experi-
ment on the affect of low concentrations of malonate on fatty acid syn-
thesis (cf. Figure 2). A sharp inhibition of synthesis was observed with 
the addition of 1 pmole of malonate. The addition of 2 pmoles of malonate 
brought the level of incorporation back to the same value as when the sys-
tem contained no exogenous malonate. There was a gradual decrease in syn-
thesis with malonate concentrations greater than 2 pmoles. With such 
inconsistent results it was deemed necessary to treat the supernatant with 
Dowex in order to try to effect a removal of malonate and any cofactors 
associated with it . In Figures 3 and 4, the malonate level again stimu-
lated synthesis at a concentration of 10 rmoles. However, at 1 pmoles 
malonate concentration these two experiments varied in opposite direction. 
In Figure 3, 1 pmole of malonate inhibited synthesis while in Fi gure 4, 
1 f11llO le stimulated synthesis. It is possible that the results shown in 
Figure 4 represent a technical error because stimulation of synthesi s at 
the 1 pmole level could not be demonstrated again. As in Figure 1 and 
2, malonate concentration above 10 pmoles caused a gradual decrease in 
synthesis . These data are in disagreement with that of Abraham and co-
workers (1) who found, while working with rat liver supernatant, that 
malonate in concentrations of 40-80 pmoles stimulated the incorporation 
of acetate into fatty acids. Dils and Popjak (27) also reported as much 
as a 50-fold increase in fatty acids synthesis with the addition of malo-
nate t o mammary gland preparation. 
Effect of Bicarbonate on Fatty~ Synthesis: Figure 5 shows the 
requirement for bicarbonate by the fatty acid synthesizing system isolated 
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Figure 5o The Effect of Bicarbonate on Fatty Acid S!ijthesis. Sample 
tube~ contained ~he following additions: Sodium-1-C -acetate (40 
µmoles, 1.5 x 10 cpm); ATP (10 µmoles); CoA (0.14 pmoles); NADH (0.33 
pmoles); NADPH (0.33 pmoles); MnC12 (3.3 pmoles); malonate (1 pmole); 
biotin (24 fg); potassium phosphate buffer (50 pmoles, pH 7.4); s12 
fraction contained 8-10 mg protein (untreated). KHCO~ added as inoicat-
ed. Total volume was 2.5 ml. Tubes were incubated f6r 1.5 hours at 
37°0. 
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from Ascaris. The supernatant fraction (s12) was used without dialysis 
or Dowex treatment. Optimum incorporation was acheived at a bicarbonate 
concentration of 20 pmoles. Concentrations above or below this level re-
sulted in a decrease in synthesiso Dils and Popjak (27) reported a stim-
ulation of fatty acid synthesis by the addition of bicarbonate, but they 
did not observe a decrease at higher concentrationso 
Effect of Biotin and Avidin £.!! Fatty ~ Synthesis: Table IV de-
notes the effect of biotin and avidin on incorporation of acetate into 
fatty acidso When biotin was omitted from the medium and the concentra-
tion of avidin was increased, the rate of incorporation decreasedo With 
the addition of increasing quantities of biotin, fatty acid synthesis 
increased. Wakil et .!:!1:.• (107) first reported a biotin requirement for 
fatty acid synthesis in a rat liver preparation. Evidently~ biotin is 
needed by Ascaris tissue to aid in fatty acid synthesis. 
TABLE IV 
EFFECT OF BIOTIN AND AVIDIN ON 
FATTY ACID SYNTHESIS 
The complete system contained the same additions as in Table II. 
Complete 
+Avidin 
11 
11 
u 
II 
II 
System 
(o2 mg) - biotin 
( .4 mg) - II 
(.6 mg) 
-
u 
( .4 mg) + ti 
" 
+ ff 
II + 
" 
(24 p.g) 
(48 µg) 
(72 pg) 
Acetate Converted to Fatty 
Acids (mp.mole/ mg Protein 
2.53 
2.48 
1.36 
0.72 
1.26 
1.51 
1.70 
Effect of Incubation Time: The data presented in Figure 6 corres-
pond very closely to those reported by Wak.il et al. (105). There is an 
initial lag period for the first 30 minutes and then a sharp increase in 
the rate up to 120 minutes. An incubation time of 90 to 120 minutes was 
utilized in all experiments. 
Effect of Protein Concentration: In the experiment illustrated by 
Figure 7, it was found that the synthesis of fatty acids increased with 
increasing concentrations of protein up to a value of 8 mg protein. Dils 
and Popjak. (27) observed lower value (5-6 mg) in mammary gland preparations. 
Above the 8 mg level, fatty acid synthesis in Ascaris declined and at a 
level of 22 mg of protein, the synthesis was approximately 50% of the max-
imum observed rate. Factors such as lack of substrate and end-product 
inhibition could have brought about the depressed rate of synthesis. 
!!!:_ Requirement: Addition of 1 to 20 fIDoles of ATP to the medium 
resulted in a linear increase of fatty acids elaborated by the super-
natant fraction which had been treated with Dowex (cf. Figure 8). 
Concentrations above 20 pmoles caused a rather sharp decrease in syn-
thesis. Abraham et~· (1) reported similar results with a mammary gland 
s100 fraction with the exception that their peak activity was at 10 pmoles 
of ATP. They felt that the increase in ionic strength of the medium 
br,ought about by the addition of large quantities of ATP caused the in-
hibition of synthesis • 
.E!!_ Effects: Optimal fatty acid synthesis was achieved at a pH of 
7.5 (Figure 9). Fatty acid yields decreased at higher or lower hydrogen 
ion concentrations. A pH of 7.4-7.5 was used in all subsequent experiments. 
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Figure 60 The Effect of Time on the Synthesis of F!~ty Acids. Each 
tube contained t~e following cofactors: Sodium-1-C -acetate (40 
µmoles, 1.5 x 10 cpm); ATP (10 pmoles); CoA (0.14 pmoles); NADH (0.33 
fllllOles); NADPH (0.33 pmole-s); MnC12 (3.3 pmoles); m.alonate l pmole); 
KHC03 (20 pmoles); biotin (24 pg); potassium phosphate buffer (50 pmoles, 
pH 7.4); s12 fraction contained 12 mg untreated protein. Total volume 
was 3.0 ml. Incubated the indicated time at 37°c. 
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Figure 7o The Influence of Protein Concentration on tA~ Uptake of Ace-
tate into Jijtty Acids. Each tube contain~d the following cofactors: 
Sodium-1-C -acetate (40 pmoles, 1.5 x 10 cpm); ATP (10 pmoles); CoA 
(Ool4 pmoles); NADH (Oo--33 pmoles); NADPH (Oo33 p.moles); MnC12 (3.3 
p.moles).; malonate (1 pmole); KHOO. (20 µmoles); biotin (24 pg); po-
tassium phosphate buffer (50 pmol~s, pH 7.4); untreated s12 fraction 
added as indicated. Total volume was 3.0 mlo Tubes were incubated for 
2 hours at 37~0. 
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Figure 8. The Effect of ATP Concentration on the Synthesis of Fatt14 
Acids. Sample tubes contain~d the following cofactors: Sodium-1-C 
acetate (40 pmoles, 1.5 x 10 cpm); ATP was varied as indicated; CoA 
(0.14 pmoles); NADH (0.33 pmoles); NADPH (0.33 pmoles); MnC12 (3.3 
pmoles); malonate (1 µmole); KHCO (20 pmoles); biotin (24 pg); po-
tassium phosphate buffer (50 pmol~s, pH 7.4); s12 fraction was treated 
with Dowex I and contained 9.5 mg protein. Tot~I volume was 2.5 ml. 
Samples were incubated at 37°0 for 1.5 hours. 
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Figure 9. The Influence of pH on the Synthesis of Fatty Acids. The 
muscle tis:sue was homogenized and.centrifuged in 0.25 M sucrose and 
50_pmoles of potassium :phosphate1)luffer at the, appropriate pH w~s added. 
All tubes ~onta:ined.: Sml,iurn-1-0. ;,.ac-et:a:te (40 p.moles, 1.5 x 10 cpm); 
A'l'P (10 pmoles); CoA (0.14 pmo.l.es);. NAl>H (0:.33 pmc,lesh NADPH (0.33 
pmo1ea); MnC12 (3.3 pmoles); malonate (1 pmole~; ~co3 (1? pmoles); bio-
tin (24 p.g); untreated s12 fracti~n con~ained 10 mg pf'ptein. _ Total 
volume was 3.0 ml. Sampies were incubated at 3?°C for 1.5 hours. 
CHAPTER V 
DISCUSSION 
The cell-free fraction of the muscle tissue of Ascaris lumbri-
coides var.~ has the ability to incorporate acetate into long chain 
non-volatile fatty acids. This incorporation was found to be dependent 
on several factors. The fraction of the cell chiefly responsible for 
this incorporation was found to be what is commonly referred to as 
"supernatant+ microsomes". Microsomes as such, have not been describ-
ed in the muscle tissue of Ascaris, therefore, an affect of microsomes 
on acetate incorporation into fatty acids cannot be definitely stated. 
When the fraction, which is usually designated as containing the highest 
concentration of microsomes (s100), was removed by centrifugation, ace-
tate incorporation by the system was inhibited. This effect isn't clear 
and more work needs to be done in this area. Cofactors required for the 
system indicated that the possible route of incorporation was by way of 
the malonyl CoA pathway. ++ ATP, Mn , and CoA were needed for the activa-
++ tion of acetate to acetyl CoA; ATP, KHco3, biotin, and Mn for carboxyl-
ation of acetyl CoA to malonyl CoA, and NADH and NADPH for the subsequent 
reduction of the condensation products. This pathway is commonly found 
in some bacteria (65), pigeon liver (105), heart sarcosomes (59), lactat-
ing rat mammary gland (2, 27), and rat liver (1). However, the nucleotide 
used in these systems was NADPH, and NADH contributed very little to the 
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systhesis. NADH was required by the system isolated from Ascaris muscle. 
A NADH dehydrogenase system has been described in Ascaris muscle tissue 
(62). This system primarily converts fumarate into succinate which can 
be decarboxylated to form propionate (91). Saz and Weil (92, 93) have 
described a mechanism by which propionyl CoA can condense with acetyl CoA 
or another molecule of propionyl CoA to form an 0(-methyl ~ -keto acid 
which is reduced via NADH to form a branched volatile fatty acyl CoA. 
Perhaps long chain fatty acid synthesis can occur by elongation of this 
fatty acyl CoA into long branched chain fatty acids. NADH would then be 
required: (1) to furnish hydrogen for the reduction of fumarate and 
(2) for the reduction of the branched moiety. Thus the animal could syn-
thesize long straight-chain fatty acids via the malonyl CoA pathway which 
requires NADPH and synthesize branched-chain fatty acids by way of elonga-
tion of volatile fatty acids. The latter system would require NADH. The 
postulate concerning the latter pathway is highly speculative and no data 
have been collected to support it, other than the need for NADH. In one 
experiment, succinate stimulated the incorporation of acetate into fatty 
acids. In Ascaris, where succinate is a precursor of propionate, an in-
crease in the succinate concentration could conceivably stimulate fatty 
acid synthesis. Dils a~d Popjak (27) found that various members of the 
tricarboxylic acid cycle lost their stimulatory effect on fatty acid syn-
thesis with the addition of pure reduced pyridine nucleotide. This ~as 
not found in the afore mentioned experiment. Experiments in wpich label-
ed succinate is used would possibly answer these questions. 
The stimulatory effect of malo!Uite on the synthesis of fatty acids 
from acetate was first observed by Popjak and Tietz (87} and later 
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confirmed by Fletcher and Myant (40), Abraham~ alo (2) and Dils and 
Popjak (27). A strong stimulation of acetate incorporation into fatty 
acids by malonate was not noted in the fatty acid synthesizing system 
isolated from Ascaris muscle tissue. With varying concentrations of 
malonate, inconsistent results were obtained. Malonate is generally 
known to inhibit the TCA cycle in higher animals by competing with suc-
cinate for the active site on the enzyme, succinic dehydrogenaseo Real-
izing that the volatile fatty acids can be derived from succinate via 
propionate (91, 92~ 93)j it is conceiveable that malonate could compete 
with succinate on the succinate decarboxylase enzyme. This inhibition 
of the branched chain fatty acid synthetase would override the stimu-
latory effect of malonate on the malonyl CoA pathway with the result 
that only slight stimulation of acetate incorporation would appear. 
These statements are also highly speculative and more work needs to be 
done to complete this picture by using labeled malonyl CoA and labeled 
volatile fatty acids. 
The function carried out by bicarbonate is that of furnishing co2 
which is reacted with acetyl CoA via biotin to form malonyl CoA (106). 
Therefore the presence of bicarbonate in a fatty acid synthesizing sys-
tem utilizing the malonyl CoA pathway is obligatory. All soluble systems 
studied thus far in higher animals and bacteria require bicarbonate. 
This need can be alleviated by beginning the synthesis with malonyl CoA 
instead of acetate or acetyl CoA (112). The fatty acid synthesizing 
system in Ascaris also requires bicarbonate or co2 for the incorporation 
of acetate into fatty acids. The mechanism may or may not be the same 
as that found in higher systems. The worm has the ability to affix co2 
into succinate (91) and this might be an alternative pathway for co2 
utilization.. co2 is readily available to the animal in ~ for it 
lives in an environment rich in co2 (88), and it would not be surpris-
ing to learn that the animal could utilize large quantities of co2• 
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The presence of large quantities of unsatura.ted fatty acids (5) in 
the lipids of Ascaris 9 Acanthocephala (6) and in tapeworms (54) poses a 
question of synthesis. A major purpose for the desaturation of a sat-
urated fatty acid is the production of energy by the transfer of 2 hydro= 
gens and 2 electrons along a respiratory chain to the ultimate hydrogen 
acceptor, oxygen, thus formin~ water (8). A source of oxygen is needed 
for the terminal acceptoro The intestinal parasites abide in an en-
vironment where the oxygen tension is very low (88). Therefore, the 
concentration of unsaturated fatty acids would be expected to remain at 
a rather low value if they were synthesized at all. Beames (5), Beames 
and Fi.sher (6), and Harrington (54) found large quan.tities of unsat= 
urated acids in the intestinal parasites mentioned previously. In most 
cases these unsaturated fatty acids comprised the greatest percentage of 
the fatty acids present. One theory is of course'I that the parasite de= 
rives all of these ·unsaturated acids from the food supply of the hosto 
But why should the parasite assimilate more unsaturated acids than sat-
urated? Does the parasite synthesize these unsaturated acidst and if it 
does, is this synthesis accomplished by the known pathways? If this is 
true what happens to the hydrogen ions and the electrons that are re= 
leased during the desaturation reaction? Do the animals utilize the 
small amount of oxygen present in the intestine? All these questions 
remain unanswered at the prese:nt timeo 
CHAPTER VI 
SUMMARY AND CONCLUSIONS 
This study was designed to determine the extent of acetate in-
corporation into fatty acids by the muscle tissue of Ascaris lumbricoides 
var. ~, and to elucidate some possible mechanisms by which this in-
corporation was accomplished. The following results were found. 
l. The fraction of the muscle cell responsible for acetate incorpora-
tion into fatty acids was found to be the soluble supernatant+ micro-
somes. Synthesis by the mitochondrial fraction was negligible. Re-
moval of the microsonal fraction inhibited incorporation in all experiments. 
2. The following cofactors were required for acetate incorporation: 
++ -NADH, NADPH, Mn , CoA, ATP, malonate, HC03 , biotin. These results in-
dicated that the muscle tissue of Ascaris utilized the malonyl CoA path-
way for incorporation of acetate into fatty acids. NADP plus G-6-P was 
not an effective substitute for NADPH in this preparation. It is con-
eluded that the activity of the pentose phosphate pathway was too low to 
generate NADPH effectively. The possibility of a new pathway based oh 
data obtained with NADH is discussed. 
·3· A stimulatory effect of high concentration of malonate on incor-
poration·of acetate was not noted. In four experiments in which both 
Dowex I and dialysis were used to remove cofactors, malonate atimulation 
was never greater than 15-20% above control values, and in higher con-
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centration it:. inhibited incorpora.tiono The results of these experi-
ments were inconclusive and no definite statements can be made at the 
present time on the role of malonate in fatty acid synthesis in Ascariso 
4. A stimulation of synthesis by bicarbonate was noted. This stimula-
tion was effective up to a bicarbonate concentration of 20 µmoles. Levels 
greater than this elicited a slight inhibition of synthesis. 
5. A. requirement for biotin was demonstrated with the use of avidin. 
This indicates that a carboxylation reaction involving biotin occurs and 
acetyl CoA is converted to malonyl CoA via this reaction. 
6. ATP stimulated acetate incorporation up to a concentration of 20 
µmoles. Concentrations above this le·vel caused an inhibition of synthesis. 
The muscle tissue of Ascaris has the ability to incorporate acetate 
into fatty acids. This incorporation can be demonstrated in a mince or 
in a centrifuged homogenate fractiono However 9 the rate of :incorpora= 
tion is very lowo This would be expected because muscle tissue is usually 
thought of as a ratb.er static tissue which is composed mainly of proteins. 
The concentration of lipids in Ascaris muscle is much lower than that 
found in other tissues of' the animal (37)0 Whether fatty acids synthesis 
is important to the animal lE: ~ cannot be stated at this time o The 
next step would be to investigate the ability of the reproductive tract 
to incorporate acetate irrto fa.tty acidso This tissue is primarily re-
sponsible for the excretion of lipids as compone:n.ts of the eggo Thus 9 
it must have a tremendous ability to synthesize l:ipidso 
The pro'blems confrontin.g an an.aerobic organism have been known for 
a long time. The lack of oxygen in their environment has brought about 
drastic changes in thei:r. metabolism which no doubt deviate from the bio= 
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chemical unity concept. This study has answered some questions regarding 
lipid biosynthesis in Ascaris. It has also created many new ones on this 
aspect.of the parasites metabolism. 
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